Introduction
The population of Ghezel sheep in Iran is around 2 million which is bred in the northwest of this country. This native breed is fatty-tailed and large sized (the mean of oneyear-old body weight was 38.2 kg for females and 41.7 kg for males) and it also has adapted to the life in cold and mountain climates (−22.8 °C to 38.3 °C). This breed is firstly bred for meat and then for milk and wool (1) . The color of this sheep usually varies from light brown to dark brown. The feet are suitable for long walk in meadows and pastures and they are dark brown. Beside the feet, the tail and the udder are darker than the other parts of the body. The shape of the tail (unique characteristic of this breed) is absolutely round and has pear-shaped tailbone and a sidewise look at the tail displays S-shaped tailbones. The popularity of the sheep decreases as the tail is less S-shaped. Most of them have knobs in the front part of their necks. Some of the herdsmen believe that the most original ewes are red, fawn, without horn and have white spots on their forehead (2) . Furthermore, a traditional and delicious kind of cheese called Lighvan cheese is basically made from Ghezel sheep milk in the area of Sahand mountainside, located in the northwest of Iran. It is the most popular traditional and expensive cheese made from raw sheep's milk in East Azerbaijan Province. The Lighvan cheese is characterized by its unique hardness (semihard), saltiness, and spiciness (3) . Thus, improving this native sheep breed for these traits can increase products in which milk, meat, wool, and skin; and consequently, more dairy products and meat will economically be obtained.
The goal of animal breeding is to modify the genetic potential of livestock in order to improve the production efficiency. Successes in animal breeding and enhancement of the production highly depend on the identification of animals with desirable genes and selection of them as the parents of the next generation. The most important part of this is to determine the appropriate criteria for determining the superior animals and their selection. Nowadays, the selection index is being used for animal ranking. For determination of selection index, accurate estimation of genetic parameters is essential. These estimates are usually calculated by distinct models such as univariate, multivariate, repeatability, fixed regression and random regression (RR). Recently, the RR models have been proposed as an appropriate alternative method for analyzing the repeatedly occurring traits during the life of animals (4) (5) (6) (7) (8) . The RR model is widely used to estimate the genetic parameters and to predict the breeding values since it has advantages over animal models in that it does not need record correction to obtain the weight for a specific age, it can also exert the environmental effect for daily recording in statistical analysis. In addition, it can predict the livestock breeding value at an early age and let decide the deleting or selection of the animal on time. This can result in the reduction of generation interval and fostering the accuracy of genetic parameters and prediction of breeding values due to increasing the number of records per animal (9, 6) .
In the usual univariate and bivariate models and also in fixed regression (simple repeatability), due to the failure in the forming of (co)variance structure, variations in variance components were considered independent from time and the phenotypic values of the traits in different ages were considered different traits. Thus, in these models the estimates were calculated for specific ages (birth, 3 months, 6 months, 9 months, and 12 months of age) and no estimate for their intervals was done, while in RR models because of forming of (co)variance functions for every random effect, variations in the variance components were considered a function of time and the value of any component for all of the days within the range of the recorded ages can be estimated. We can also estimate the variance component values for the days for which there is no record, using the (co)variance components provided that they are in the recording range.
Meyer (10) , by using the simulated data, indicated that the use of the RR models can increase the accuracy of the genetic evaluation of the animals. This conclusion can be true if there are more records per animal and they have a uniform distribution in the growth period (8) . However, if there are fewer records per animal and the records do not have a uniform distribution, RR models evaluations will be affected by the structure of the data. Under these conditions, wherever of the growth path the number of records decreases, the sampling variance increases; and consequently, these models are not good models for showing the variance components. Thus, the resulting curve will break and overestimate the variance components (11) . In these models, a fixed regression is used to show the mean of the growth curve and a random regression is used for every animal to show the deviation from the mean. This will result in that the measured records on each animal would be used in the genetic evaluations (12, 8) . Fixed regression estimates an average curve for the observations of each group and evaluates the difference between each group. Random regression shows the estimates of the genetic variation between animals using deviation from the fixed curve. Thus, the genetic differences between animals can be shown as a deviation from the fixed regression using random parametric curves or orthogonal polynomials like Legendre polynomial or even non-parametric curves such as cubic splines in the model. Legendre polynomial is often used in the studies since it does not have any assumption for the curve status and is easy to use (13) .
The aim of this study was to estimate the genetic parameters of the body weight traits in Ghezel sheep using different RR models.
Material and methods

Data and management
The Ghezel sheep breeding center was established in 1985 with the overall area of 27 ha (5446 m 2 roofed space and 5223 m 2 nonroofed space) located in Miandoab, West Azerbaijan, Iran. The goal of this station is to identify the production capacity, sustain the breed, improve the performance of the productive traits, and transfer the progress made to the herd owners. The sheep nurturing system in this station is moderately semiextensive; in the warm seasons the animals are grazed during the day and fed with forage and mineral supplements at nights. However, in cold seasons they are fed with alfalfa, grain, and corn. Recording of the animals was initiated from their birth and regarding the examined trait based on the instruction of the sheep breeding center of the country continued. The data used in this research included 39,288 weight records of Ghezel sheep collected from 1994 to 2012 within the range of 1-day to 365-day in the Ghezel sheep breeding center of Miandoab. These records belong to 13,378 animals that are comprised of birth, 90-day, 180-day, 270-day, and 360-day weights. The whole numbers of the animals in the data file was 22,278, of which 13,378 were recorded and 8900 were not. The number of the pedigreed animals was 43,313 from 1986 to 2012. The descriptive statistics of the data are listed in Table 1 . The distribution of the records in different ages is also presented in Figure1.
Statistical analysis
The selection of fixed effects to be regarded in the model was made after testing whether the effects were statistically significant (P < 0.01) with GLM procedure of SAS 9.1 (14) . The obtained results showed that the statistical model should include the birth type (single and twins) and year of birth (1994-2012) as classic fixed effects. The weight as a function of age in the days of weighting was considered as the fixed regression of orthogonal polynomial. This fixed regression explains the average growth curve of all animals with records (4). Three sets of random regression coefficients were fitted to the data. These comprised of direct and maternal additive genetic effects and direct and maternal permanent environmental effects. The RR model fitted Legendre polynomials of age at recording (in days) as independent variables. The general models for the analysis were: where y ij is the j th record from i th animal at age a ij , that a ij is the standardized age of recording for y ij , −1 ≤ a ≤ 1 for which Legendre polynomials are defined and φm(a ij ) is the corresponding m th Legendre polynomial; F ij is fixed effects relating to y ij (type of birth and year of birth). βm is the fixed regression on orthogonal polynomials of age; αim, γim, δim, and ρim are the m th order RR coefficients for the direct additive genetic, maternal additive genetic, direct and maternal permanent environmental effects, respectively and ka -1, km -1, kc -1, and kq -1 are the corresponding order of fit for each effect and ε ij denotes the residual effect.
(Co) variance functions
Random regression analyses produce K matrices containing (co)variance between random regression coefficients, particularly for each random effect (direct and maternal additive genetic, direct and maternal permanent environmental effects). The (co)variance functions (G 0 ) were estimated by pre-and post-multiplying K using a matrix containing Legendre polynomials (Ф) pertaining to a set of specific ages shown in matrix notation as:
variances between RR coefficients relating to different random effects were assumed to be zero. The genetic analyses were performed using Remlf90 1.74 (15) . Software with residual maximum likelihood (REML) method for estimation of (co) variance components. Convergence criterion was 10 -11 .
Model selection
The first model was considered as the basic model and after determining the best orders of fit for fixed regression, direct additive genetic and direct permanent environmental effects, other random effects were added to the model and the best order of fit was selected. Finally, the best model was selected, and the genetic parameters were estimated using this model.
Models with different orders and number of parameters for different effects were compared based on Akaike's information criterion (AIC) (16) and Schwarz's Bayesian information criterion (BIC) (17) . Models with different orders of fitting were compared by AIC, BIC, and loglikelihood ratio test (LRT). A model with significantly the highest (P < 0.01) LRT and with the lowest AIC and BIC was considered to be the most appropriate model. Calculation of LRT for models i and j was obtained with this formula: LRTij =2 × (Log Li −Log Lj) The information criteria are indicated below: AIC = −2 log L+2p BIC= −2 log L + p log(N-r), where: p: number of parameters estimated, N: number of records, r: rank of incidence matrix for the fixed effects, Log L: REML maximum log likelihood.
Results
Determination of the best model
The estimates of the comparative criteria by the best order of fit in each model are indicated in Table 2 and for all orders of fit of each model are represented in the appendix. In the first model, the fifth order of fit for fixed regression and the direct permanent environment effect and the third order of fit for direct additive genetic effect were chosen as the most appropriate order of fit, since it had the lowest AIC, BIC, and −2Logl. However, the (3, 5, 1) model had the lowest and the (3, 3, 1) model had the highest RV, respectively.
In the second model, none of the orders of fit was significant (P < 0.01) in the LRT. The insignificance of the model by increasing the order of fit for maternal direct genetic effect indicates that by increasing the order of fit, the accuracy of the model decreased. This decrease was evident in all of the orders of fit of maternal genetic except the fourth one.
In the third model, the fifth order of fit for fixed regression and direct permanent environment effect, third order of fit for direct additive genetic and the second for maternal permanent environment effects was selected as the best model and was utilized to estimate the genetic parameters of the body weight traits. In this model, the (5, 3, 5, 3) model and the (5, 5, 2, 1) model had the lowest and the highest RV value, respectively.
Estimates of (co)variance components and genetic parameters
In Table 3 , a number of (co)variance components by the third model are indicated. The variance of the direct additive genetic effect for birth weight was the lowest and with the increase in age it increased such that it was the maximum at one year of age. This increase from birth to one year of age was gradual and steady. The variance of the direct permanent environment for the birth was the least; thereafter, increased as the age increased. However, this increase was not steady, and it had sudden oscillations at some ages. The variance of the maternal permanent environment effect for the birth was the minimum and with the increase in age, it showed a gradual and steady increase. The direct genetic correlation between the birth and the 180 days was the least and between the 90 days and 180 days was the highest (Figure 2 ) and in most of the cases by increasing the age interval it decreased. The direct permanent correlation between 270 days and the 360 days was the lowest and between the birth and the 270 days was the highest (Figure 2 ) and apparently, there is no relation between the age intervals and the value of the correlation. The maternal permanent environment correlation between birth and the 360 days was the lowest and between the 270 days and the 360 days was the highest. In this diagram, with the increase in age intervals, the value of the correlation decreased.
The values of direct heritability, repeatability, ratio of direct permanent environment to the phenotypic variance (p 2 ) and ratio of maternal permanent environment to the phenotypic variance (c 2 ) are represented in Figure 3 . The direct heritability from birth to the 20 days decreased and then by increasing of age till 350 days increased that was not uniform (showed some fluctuations). However, the variations of the p 2 had inverted relations with the direct heritability. The c 2 showed a slight increase with the increase in age. The repeatability increased from birth to 20 days and after that remained almost at a fixed value.
Discussion
Determination of the best model
In most of the cases of the base model, increasing the orders of fit in fixed regression, direct genetic effect and direct permanent environment effect led to a decrease in 2Logl, AIC, BIC, and RV, which shows increase in accuracy by this increase. This is probably due to the increasing flexibility of Legender's polynomials coefficient resulted from increasing the order of fit. It can also calculate a more precise estimation of residual variance; therefore, estimates of the other (co)variances will be more accurate. Other researchers (6, 8, 18, 19) reported an increase in accuracy with the increase in the order of fit. By adding the maternal direct genetic effect into the model; the AIC, BIC, and -2Logl increased. This may show that the accuracy of the model has decreased. Hence, the first model in which the maternal genetic effect has not been added is more accurate than the second model. It can be inferred that there is no need to add this effect into the model and the first model can have a more precise estimation of genetic parameters than the second one. By adding the maternal direct genetic effect into the model, RV value decreased and by increasing the order of fit it kept on. This is probably due to the expelling of the part of the residual variance as maternal direct genetic variance. By adding maternal permanent environment effect into the model and increasing of order of fit, the −2logl, AIC, and BIC values decreased. This decline shows the rise of the model precision as a result of increasing of this effect into the model. In most of the cases, by increasing the order of fit of maternal permanent environment, the RV value decreased. This most likely indicates a better dissociation of variance components in higher order of fits to its ingredients and subsequently the decreasing of the RV. Even though this decrease for some orders is little, it is notable on the whole. Comparison criterion values of the third model were lower than the first one, which shows the escalation of the model accuracy subsequent to the adding of maternal permanent environment into the model. Hence, it can be concluded that the third model with fifth order of fit for the fixed regression and the direct permanent environment, third order of fit for direct genetic and second order of fit for maternal permanent environment (5, 3, 5, 2) was the most accurate model and was utilized to estimate the genetic parameters of the body weight traits.
Although the (5, 3, 5, 5) model had the greatest LRT, its difference from (5, 3, 5, 2) was not significant (P > 0.01) from the Chi-square test perspective; thus, the model with lower number of parameters was selected as the optimum model.
Variance component and genetic parameters
The direct genetic variance was minimum for birth and with the increase in age it increased such that it reached its highest amount in one year. This increase from birth till one year was uniform and happened gradually, which is in accordance with the results of Ghafouri Kesbi et al. (6) . The variance of direct permanent environment was the least for birth and then with the increase in age it increased. This increase was not uniform and sometimes it showed some sudden fluctuations; however, it happened gradually. This shows that the variation of the direct permanent environment effect was abundant that consequently resulted in the increase in the variance. The permanent maternal environment for birth was the least and with the increase in age showed a uniform and gradual increase. Since the variations of the direct genetic and maternal permanent environment were uniform, the phenotypic variance diagram has imitated the direct permanent environment diagram. The direct genetic correlation between the birth and 180-day weight was the lowest, and between 90-day and 180-day weights it was the highest. In most cases, with the increase in age interval, its value decreased. The direct permanent environment correlation between 270-day and 360-day weights was minimum, and between the birth and 270-day weights it was the highest. Actually, there's no specific relation between age interval and the correlation value. The permanent maternal environment correlation between the birth and 360-day weights was the lowest and between 270-day and 360-day weights it was the highest. With the increase in the age intervals, this correlation decreased, which is in accordance with the results of others (6, 18) .
The direct heritability from birth till 20 days declined and then with the increase in age till 350 days, its value increased with some fluctuations. The increase in the direct heritability as with the increase in age can be due to the increase in genes expression of animals that had additive effect on the body weight.
The variations of the p 2 showed the converse relation with the heritability variations. This difference can be traced to their relationship with direct permanent environment variance such that its variations on the direct heritability are vice versa and on the p 2 is direct. Bahreini et al. (20) , in their study on Balouchi sheep, indicated a similar trend for the h 2 and p 2 . The repeatability estimate showed increase from birth to 20 days and then was almost constant.
Difference between the heritability and the repeatability is due to direct permanent environment so that the repeatability is comprised of not only direct genetic, but also direct permanent environment. Therefore, the repeatability indicates the genetic similarity of the records beside similarity resulted from permanent environment. Having fixed and high repeatability estimate shows the high reliability of genetic parameter estimations.
The c 2 value indicated a slight rise by increasing of age. Other researchers (6, 21) showed decrease in c 2 with the increase in age, which is not in accordance with the results of this study.
The increase in c 2 with the increase in age represents continuous effect of maternal permanent effect on animal till end of one year of age. In herds where animals are weaned at a later time, dependency of the lamb on the ewe increases such that it results in the long effect of the maternal effect on the animal which in turn rises the c 2 .
The enigmatic part of the all diagrams was their fluctuation from birth to about the one month that is probably due to the fewer number of records.
Meyer (10) showed, as mentioned previously, that if there are fewer records without uniform distribution, the RR model evaluations will be affected by the data structure that will consequently increase the sampling variance which will finally overestimate the variance components. This problem is called the end effect of polynomials or Rangas phenomenon which can result from sensitivity of Legendre polynomials to data structure. On the other side, Meyer (22) showed that while using the Legendre polynomials in RR models, the effect of each observation is general. On the other hand, having fewer number of observations in specific age not only influences the sampling variance of intended age but it also affects the variance component estimate of the other ages.
This clarifies the importance of the number of records and their uniform distribution in the estimation of the random regression models (Figure 1 ).
This study showed that the RR model including fifth order of fit for fixed regression, third order of fit for the direct genetic, fifth order of fit for permanent direct environment and second order of fit for permanent maternal environment is the most appropriate for the genetic parameter evaluation. Also, adding maternal direct effect to the model decreases the model accuracy. The trend of genetic parameter variations from birth to 360-day weights represented that between birth and 90 days, in which the number of records is low, the genetic parameter estimation indicated some disorders and has led to sudden increase or decrease of the trend. This needs an ordered and systematic increase of weight recording numbers at different ages in order to estimate more accurate parameters. 
